Abstract Anthocyanin concentration and composition and the effect of steaming and baking on these were evaluated in tubers of Korean red-and purple-fleshed potato cultivars and breeding clones using liquid chromatography with diode array detection and electrospray ionization-mass spectrometry (LC-DAD-ESI-MS). Twenty-six anthocyanins were isolated, of which 24 were identified. Remarkably, five cis isomers were identified, of which four, viz., cis-petanin, cis-peonanin, petunidin 3-ciscaffeoylrutinoside-5-glucoside, and petunidin 3-cis-feruloylrutinoside-5-glucoside, are reported for the first time. Moreover, pelargonidin 3-p-coumaroylrutinoside-5-glucoside (pelanin), peonidin 3-p-coumaroylrutinoside-5-glucoside (peonanin) and petunidin 3-p-coumaroylrutinoside-5-glucoside (petanin) were identified as the principal anthocyanins. We found that the total anthocyanin content of coloured potatoes was decreased by steaming and baking compared with the raw state. In addition, we performed partial least square discriminant analysis (PLS-DA) to discriminate between the analyzed anthocyanins. Cis isomers seemed to play a vital role as a biomarker in the PLS-DA model based on the type of processing and colour of the tubers.
Introduction
Anthocyanins, a class of flavonoids, are natural water-soluble pigments mainly found in vegetables and fruits. In nature, thousands of anthocyanins have been identified, whose structures differ in the type and number of sugar units, organic acids, and phenolic acids (Castaneda-Ovando et al. 2009 ). Anthocyanins possess attractive pharmacological profiles, with anti-cancer, anti-oxidant, anti-inflammatory, apoptosis-inducing, and cell proliferation-inhibiting properties (Kong et al. 2003; Wang and Stoner, 2008) . Kalt et al. (2008) showed that intact anthocyanins of the monoglycoside type can accumulate in tissues including the liver, eye, cortex, and cerebellum of blueberryfed pigs, suggesting a capacity to absorb anthocyanins.
Potatoes are the fourth most important food crop in the world. They are rich in starch and are being consumed as a staple food in many countries. Although potatoes contain a wide variety of compounds such as vitamin C, carotenoids, chlorogenic acid, and carbohydrates, they have not been recognized as an anti-oxidant food because of their high calorie content (Ezekiel et al. 2011) . However, coloured potatoes play a vital biological role in humans because of their highly bioactive anthocyanins (Zhao et al. 2009 ). Anthocyanins from Korean coloured potatoes have received much attention due to their significant biological activities such as anti-oxidant, anti-mutagenic, and anticancer activities (Park et al. 2007; Park et al. 2008; Kang and Choung 2008) .
When colored potatoes are boiled in water or heated in a microwave, there is a slight change in their phenolic acid and anthocyanin contents according to Mulinacci et al. (2008) . The total phenolic acid content of red potatoes is reported to decrease more when boiled than when baked (Xu et al. 2009) , and the anthocyanin content of purple potatoes decreases at high temperatures (100-150°C) (Nayak et al. 2011) . In contrast, some red-and purple-fleshed potatoes show higher anthocyanin contents when boiled, steamed, baked, or microwaved than when raw (Lachman et al. 2012) . Under low temperature (2°C) and dark conditions, coloured potatoes have a higher pigment stability than at room temperature Park et al. 2004) .
The Korean coloured potato cultivars 'Hongyoung' and 'Jayoung' have been bred by crossing the cultivar 'AG 34314' with the cultivar 'Daeseo' which is mostly used for potato crisp processing, and hence, cultivars Hongyoung and Jayoung were recommended nationwide for their functional edible pigments in 2007. However, very few qualitative or quantitative studies have been carried out on the anthocyanin content of these potato cultivars. It is essential to determine the individual anthocyanins available as selection criteria in breeding. There is therefore an urgent need to create a chemical library of potato anthocyanins that holds all known information regarding individual anthocyanins and their identification.
Generally, the analysis of anthocyanin content and composition involves mass spectrometry methods . There are several reports on anthocyanin evaluation in various coloured potato germplasms (breeding lines and cultivars) using LC-MS methods (Brown et al. 2003; Lachman et al. 2009; Hillebrand et al. 2009; Ieri et al., 2011) . These techniques enable a high degree of peak separation and reproducibility with only a small amount of sample, as well as the implementation of rapid largescale screening for the evaluation of coloured potatoes. Recently, 22 anthocyanins and 167 genes involved in the regulation of anthocyanin biosynthesis have been identified in tubers of the Korean potato cultivars Hongyoung and Jayoung using UPLC-Q-TOF-MS (Cho et al. 2016) . Previously, quantification was limited to specific anthocyanins according to the availability of standard samples. However, using this advanced method, it is possible to quantify all individual anthocyanins by the use of an internal standard.
Hence, in the present investigation, a chemical library of potato anthocyanins was compiled from previously published analytical data and was used for identification of acylated anthocyanins using mass spectrometric data from tubers of Korean red-and purple-fleshed potatoes. Anthocyanin changes resulting from steaming and baking processes were evaluated and classified according to chemical patterns using multivariate analysis.
Materials and Methods

Materials
For this study, the Korean red-fleshed potato cultivar Hongyoung, the purple-fleshed potato cultivar Jayoung, and the purple-fleshed potato breeding clones JJe08-11, DJ12X-5 and JJe08-43 (obtained in 2010 from Jeju Special Self-Governing Province Agricultural Research & Extension Services) were subjected to three types of processing, i.e., raw, steamed (10 min at 121°C), and baked (40-50 min at 200°C). The samples were freeze-dried and finely ground in a sample mill for use as analytical samples and stored in a deep freezer at − 70°C.
Instrumentation and Reagents
The instruments used for the extraction process included a refrigerated multipurpose centrifuge (Hanil Science Industrial Co. Ltd., Korea) and a shaker (JEIO TECH Co. Ltd., Korea). Malvidin 3-glucoside (Extrasynthese, France) was used as an internal standard. The HPLC reagents were water, methanol, ethyl acetate, and acetonitrile from Sigma (St. Louis, MO).
Anthocyanin Extraction and Purification
Anthocyanin extraction was carried out at low temperature for a short period to minimize loss, using a modified version of the method of Fossen et al. (2003) . For quantitative analysis, 1 g of powdered sample was extracted with 10 ml of 0.5% trifluoroacetic acid (TFA) in MeOH for 1 h at 4°C in a shaker and then centrifuged (3000 rpm, 20 min, 4°C). The supernatant solution was collected from the centrifuged sample, the residue was re-extracted twice more under the same conditions, and 5 ml of the solution was collected from the combined extract and concentrated using N 2 gas and then re-dissolved in 1 ml of 5% formic acid in H 2 O. A Sep-Pak C 18 cartridge was flushed with 2 ml of MeOH, followed by the addition of 2 ml of H 2 O for activation. After loading, 1 ml of concentrated crude extract was washed with 2 ml of H 2 O and eluted with 1 ml of MeOH. The anthocyanin filtrate was eluted and concentrated using N 2 gas then re-dissolved in 1 ml of 5% formic acid in H 2 O prior to analysis with HPLC-DAD. For identification of anthocyanins, 10 g of powdered sample was used and the concentrated crude extract was purified by partitioning against ethyl acetate (five times). Other conditions were the same as for the quantitative analysis, and the prepared samples were analyzed by liquid chromatography with diode array detection and electrospray ionization/mass spectrometry method (LC-DAD-ESI-MS).
Quantitative and Qualitative Analyses of Anthocyanins by HPLC-DAD and LC-DAD-ESI-MS
Anthocyanins in red-and purple-fleshed potatoes were identified and quantified using a Micromass ZQ MS (Waters Co., Milford, MA) and an Alliance e2695 HPLC system (Waters Co.) equipped with a 2998 Photodiode Array (PDA) detector. In addition, a Synergi Polar-RP 80A reversed-phase column (4.6 × 250 mm, 4 μm; Phenomenex, Torrance, CA) was used. The analysis was conducted at a flow rate of 1 ml/min in the detection wavelength of 250-600 nm (a representative wavelength of 525 nm) in a 30°C oven. The mobile phases used were 5% formic acid in water (phase A) and 5% formic acid in water/acetonitrile (1:1, v/v) (phase B) (Kim et al. 2012 ). The pretreated sample was analysed using the following gradient conditions: a gradient of 20-50% B over a 30-min period, 40% B for 5 min, a gradient of 40 to 20% B for 5 min, and then a final wash with 20% B for 15 min. MS analysis was run in positive ionization mode using an electrospray ionization (ESI) source, and the MS parameters were as follows: cone voltage 30 V, source temperature 120°C, desolvation temperature 500°C, and desolvation N 2 gas flow 1020 l/h. The range of molecular weights was m/z 200-1200 in full-scan mode.
LC-MS Library for Qualitative Analysis of Anthocyanins
Based on a variety of literature sources, an LC-MS library of 24 anthocyanins in redand purple-fleshed potatoes was created and used for efficient determination of individual components.
Multivariate Statistical Analysis (Partial Least Square Discriminant Analysis)
By arranging and normalizing all quantitative information, a data matrix was made and log 10 -transformed data were used for multivariate statistical analysis. Partial least square discriminant analysis (PLS-DA) models were generated using SIMCA-P 11.0 (Umetrics, Umea, Sweden).
Results and Discussion
Anthocyanin Diversity in the Tubers of Korean Red-and Purple-Fleshed Potatoes A chemical library of 24 potato anthocyanins was compiled from published potato germplasm data, containing their molecular formulas and weights, chemical names and structures, MS fragment ion patterns, UV spectra, plant resources, and references. This was used for identification of anthocyanins in the Korean-produced colored potatoes.
The structures of individual anthocyanins from red-and purple-fleshed potatoes were identified based on the mass fragmentation patterns of rhamnoside (m/z 146), glucoside (m/z 162), rutinoside (m/z 308), p-coumaric acid (m/z 164), caffeic acid (m/z 180), and ferulic acid (m/z 194), acylated as hydroxycinnamic acids (Mulinacci et al. 2008; Hillebrand et al. 2009; Ieri et al. 2011) . These anthocyanins were found to possess a basic structure of 3-rutinoside or 3-rutinoside-5-glucoside, which is composed of primary aglycones (i.e., pelargonidin, cyanidin, peonidin, delphinidin, petunidin, and malvidin) in mono-acylated form with p-coumaric acid, caffeic acid, and ferulic acid (Fig. 1) . Table 1 shows the MS fragmentation patterns of the individual anthocyanins isolated from raw and processed forms (steamed and baked) of Korean red-and purple-colored potatoes. Twenty-six anthocyanins were identified, of which 18 were consistent with the library created in this study and 8 were new, including 2 non-acylated anthocyanins, 4 cis isomers of acylated anthocyanins, and 2 presumed isomers. These isolated and identified anthocyanins displayed regular chemical patterns according to their acylation groups, and the isomers which are rarely found in raw potatoes provided relatively accurate, clear MS and UV patterns due to their increased content when baked or steamed. As a result, upon the conversion of trans isomers into cis isomers, a rotation of 140°was found in the β-position of the hydroxycinnamic acid structure (Azuma The presumed isomers of peonidin-3-p-coumaroylrutinoside-5-glucoside and petunidin-3-p-coumaroylrutinoside-5-glucoside et al. 2008) (Fig. 2) . Out of five cis isomers identified in the coloured potatoes, only a cis-pelanin (pelargonidin 3-cis-p-coumaroylrutinoside-5-glucoside) isomer has been reported in the literature (Mulinacci et al. 2008; Ieri et al. 2011) . It was noted that the anthocyanins present in petunia petals and eggplants (Ichiyanagi et al. 2006; Slimestad et al. 1999) have similar structures to those in potatoes and they also contain cis isomers, especially in the natural, unprocessed state. Likewise, cis-pelanin and cispetanin isomers were identified as the principal anthocyanins in both red-and purplefleshed potatoes in their raw states. In addition, traces of acylated anthocyanins were detected, for which various kinds of cis isomers are expected to be found in colored potato cultivars by aglycone and acylation groups in the raw and/or processed forms. Figure 3 shows representative HPLC chromatograms of individual anthocyanins in extracts from the tubers of colored potato cultivars (Hongyoung and Jayoung) and the breeding clone JJe08-11, in raw and baked forms. The number of individual anthocyanin species in these 5 potato samples was 8 in Hongyoung, -11 (c: raw; c′: baked) . ISTD (internal standard) 100 ppm malvidin 3-glucoside (oenin). 1 pet-3-rut-5-glc, 2 pel-3-rut-5-glc, 3 peo-3-rut-5-glc, 4 cya-3-rut, 5 pet-3-rut, 6 pel-3-rut, 7 pet-3-cis-caf-rut-5-glc, 8 pet-3-caf-rut-5-glc, 9 del-3-coum-rut-5-glc, 10 pet-3-cis-coum-rut-5-glc, 11 pel-3-caf-rut-5-glc, 12 isomer of pet-3-coum-rut-5-glc, 13 peo-3-caf-rut-5-glc, 14 pet-3-cis-fer-rut-5-glc, 15 pet-3-coum-rut-5-glc, 16 pel-3-cis-coum-rut-5-glc, 17 pet-3-fer-rut-5-glc, 18 peo-3-cis-coum-rut-5-glc, 19 pel-3-coum-rut-5-glc, 20 peo-3-coum-rut-5-glc, 21 mal-3-coumrut-5-glc, 22 isomer of peo-3-coum-rut-5-glc, 23 pel-3-fer-rut-5-glc, 24 peo-3-fer-rut-5-glc, 25 mal-3-fer-rut-5-glc, 26 pel-3-coum-rut, pel pelargonidin, cya cyanidin, peo peonidin, del delphinidin, pet petunidin, mal malvidin, coum p-coumaroyl, caf caffeoyl, fer feruloyl, rut rutinoside, glc glucoside 21 in Jayoung, and 16 each in JJe08-11, DJ12X-5, and JJe08-43. The largest number of potato anthocyanin species in the European purple-fleshed potato cultivar Shetland Black similar to Jayoung was 8-11 (Hillebrand et al. 2009; Ieri et al. 2011) . Interestingly, in the present investigation, Jayoung exhibited various anthocyanins, including most compounds seen in other red-and purple-fleshed potato samples. Hence, it is expected to play an important role as a source of anthocyanins. The isolated individual anthocyanins were eluted in the following order like the patterns of previous results: delphinidin, cyanidin, petunidin, pelargonidin, peonidin, and malvidin for aglycones (Lachman et al. 2012 ) and caffeic acid, p-coumaric acid, and ferulic acid for acylation groups (Mulinacci et al. 2008; Ieri et al. 2011 ). The five cis isomers always appeared before their corresponding trans isomers in the pattern of trans anthocyanins (Downey and Rochfort, 2008) . In particular, the cis-pelanin isomer has been reported in redfleshed potato cultivars such as 'Highland Burgundy Red' and 'Bamberger Hornchen' and is differentiated from trans-pelanin only by the elution order (Mulinacci et al. 2008; Ieri et al., 2011) . Likewise cis-nasunin (delphinidin 3-cisp-coumaroylrutinoside-5-glucoside) has been reported to appear before transnasunin (delphinidin 3-trans-p-coumaroylrutinoside-5-glucoside) as major anthocyanins in eggplant (Ichiyanagi et al. 2006 ). However, another presumed isomer of petanin appeared before the cis isomer, and another presumed isomer of peonanin appeared after the trans isomer. Table 2 shows the anthocyanin concentration and composition of Korean red-and purple-fleshed potatoes according to their state (i.e., raw, baked, and steamed). These results were compared with the variations reported in 13 European colored potato varieties (Ieri et al. 2011 ) taking into account the dry-to-fresh-weight ratios (15.5-29.9%). Red-fleshed Hongyoung potatoes showed an average anthocyanin concentration of 40.7 mg/100 g tuber dry weight (DW) in the raw state, of which pelargonidinand peonidin-based anthocyanins accounted for 97.5 and 2.5% respectively. The main anthocyanin was identified as pelanin, at 74.7% or 30.4 mg/100-g DW. Hongyoung exhibited an anthocyanin composition similar to the European red-fleshed potato cultivar Highland Burgundy Red, 33 red-fleshed potato cultivars (Solanum tuberosum and S. stenotomum), and 17 red-fleshed potato breeding clones (Mulinacci et al. 2008; Rodriguez-Saona et al. 1998; Brown et al. 2003) .
The purple-fleshed cultivar Jayoung showed an average anthocyanin concentration of 50.8 mg/100-g DW in the raw state, consisting of 0.8% cyanidin, 0.4% delphinidin, 8.3% pelargonidin, 43.9% peonidin, and 46.6% petunidin. The main anthocyanins were identified as peonanin (34.1%, 17.3 mg/100 g DW) and petanin (40.4%, 20.5 mg/100 g DW). Jayoung exhibited a similar anthocyanin composition to the European purple-fleshed potato cultivar Shetland Black in its raw state (Hillebrand et al. 2009; Ieri et al. 2011) .
Although JJe08-11, DJ12X-5, and JJe08-43 (purple-fleshed potato breeding clones) exhibited similar anthocyanin compositions, with average anthocyanin concentrations ranging between 21.9 and 163.4 mg/100 g DW in the raw state, JJe08-11 had the highest anthocyanin concentration of the three. The proportions of the individual anthocyanins in these cultivars were 0.9-2.3% for delphinidin, 2.3-4.0% for malvidin, 1.8-3.8% for peonidin, and 91.1-93.2% for petunidin. The main anthocyanin was identified as petanin (69.6-78.8% of the total), ranging from 15.5 to 128.8 mg/100-g DW in the breeding clones. JJe08-11, DJ12X-5, and JJe08-43 (purple-fleshed) exhibited similar anthocyanin composition to the European purple-fleshed potato cultivars Salad Blue and Valfi, 28 purple-fleshed potato breeding clones, and 4 other purple-fleshed potato cultivars (Lachman et al. 2011; Jansen and Flamme 2006; Brown et al. 2003) .
Changes in Composition due to Processing
Some earlier reports suggest that the total anthocyanin content of coloured potato cultivars and breeding clones decreases to 64.6-79.4% when baked, 83.3-88.7% when steamed, and 16-29% when boiled or microwaved (Mulinacci et al. 2008; Nayak et al. 2011) . In contrast, in other reports, some red-and purple-fleshed potato cultivars tended to have higher anthocyanin content when boiled, steamed, baked, or microwaved than when raw (Lachman et al. 2012) . The susceptibility of potato cultivars to heat, light, and pH changes increased with an increase in the number of acyl groups present in their anthocyanins (Bakowska-Barczak, 2005) . Moreover, the rate of decrease in anthocyanin content depends on the cultivar and processing conditions.
In line with the results above, individual and total anthocyanin concentrations decreased when potatoes were subjected to various processing conditions (Table 2) . Pel, pelargonidin; Cya, cyanidin; Peo, peonidin; Del, delphinidin; Pet, petunidin; Mal, malvidin; coum, p-coumaroyl; caf, caffeoyl; fer, feruloyl; rut, rutinoside; glc, glucoside.
a The presumed isomers of peonidin-3-p-coumaroylrutinoside-5-glucoside and petunidin-3-p-coumaroylrutinoside-5-glucoside., (-), anthocyanins not detected in the plant part Potato Research (2018) 61:1-17 At the same time, the conversion of trans into cis occurred due to the structural change of acylated hydroxycinnamic acid (Fig. 2) . Red-and purple-fleshed potatoes possessed large amounts of trans isomers in the raw state, in which pelanin and petanin were the principal anthocyanins, with their corresponding cis isomers increasing when baked or steamed (Table 2 ). In particular, the amount of cis-petanin in JJe08-11 increased over five times from 1.2 to 6.1 mg/100-g DW when baked (Table 2 ). Another presumed isomer (peak 12) of petanin existed in the raw state but slightly decreased when baked, while another presumed isomer (peak 22) of peonanin did not exist in the raw state but appeared when baked. In JJe08-11, DJ12X-5, and JJe08-43, petunidin 3-ciscaffeoylrutinoside-5-glucoside and cis-peonanin were not observed in the raw state because of small amounts of trans isomers, but they appeared when baked. In contrast, petunidin 3-cis-feruloylrutinoside-5-glucoside gradually decreased when baked or steamed. Unusually, in Jayoung, petunidin 3-cis-feruloylrutinoside-5-glucoside was produced in a mixed form when peonidin 3-caffeoylrutinoside-5-glucoside had almost disappeared.
Partial Least Square Discriminant Analysis
Recently, PLS-DA has been used to rapidly discriminate or detect differences in a wide variety of food, medicine, and agricultural products. PLS-DA is much better for distinguishing the characteristics of predefined groups (Perez-Enciso and Tenenhaus, 2003) than PCA, and its VIP (variable importance in the projection) is a variable that influences cluster formation. VIP is deemed significant when the value is greater than 1. Metabolomic data can be visualized by plotting principal component scores through alignment and standardization procedures. Figure 4 shows the overall patterns, variation, and cluster formation based on the anthocyanin profiles of colored potato samples under different types of processing in Table 2 . When the correlations in anthocyanin composition and concentration between two tuber color groups were mapped by plotting PLS-DA scores, the red-and purple-fleshed potato groups formed different clusters, and the red-fleshed potato group in particular formed different clusters according to the type of processing (Fig. 4a) . Principal component (PC) 1 and PC 2 accounted for 64% of the total variation as 52 and 12%, respectively. The VIP value showed a high importance level (1 or higher) for P2 (pelargonidin 3-rutinoside-5-glucoside, 1.27), P6 (pelargonidin 3-rutinoside, 1.22), P1 (petunidin 3-rutinoside-5-glucoside, 1.21), P3 (peonidin 3-rutinoside-5-glucoside, 1.21), P16 (cis-pelanin, 1.15), P19 (pelanin, 1.12), P10 (cis-petanin, 1.11), and P15 (petanin, 1.06) (Fig. 4b) . The colored potato anthocyanins were represented by pelargonidin derivatives for redfleshed potatoes and petunidin derivatives for purple-fleshed potatoes. Pelargonidinbased anthocyanins were more dominant than petunidin-based anthocyanins. Further, non-acylated anthocyanins, which constitute the majority of coloured potato anthocyanins, were highly involved in clustering, and cis and trans isomers of P19 and P15, the principal anthocyanins in both red-and purple-fleshed potatoes, were also involved in clustering (Fig. 4c) . In particular, P16 and the cis isomer of P19 had an important impact on cluster formation. Although two clusters were formed for Jayoung and for JJe08-11, DJ12X-5, and JJe08-43 (Fig. 4c) , Jayoung formed different clusters based on the types of processing. PC 1 and PC 2 accounted for 69% of the total variation, representing 43 and 26%, respectively. As indicated in Table 2 , JJe08-11, JJe08-43, and DJ12X-5 exhibited the same anthocyanin composition; they appear in order from left to right. Potatoes in each sample appeared in order from raw to baked and then steamed. Likewise, Jayoung potatoes were shown in the order of raw, baked, and steamed from right to left. The lowest anthocyanin concentration is shown in the highest position in the individual sub-clusters. The VIP value was greater than 1 for P22 (another isomer of peonanin, 1.41), P10 (cis-petanin, 1.21), P14 (petunidin 3-cis-feruloylrutinoside-5-glucoside, 1.20), P7 (petunidin 3-cis-caffeoylrutinoside-5-glucoside, 1.19), P9 (delphinidin 3-p-coumaroylrutinoside-5-glucoside, 1.12), P16 (cis-pelanin, 1.10), P20 (peonanin, 1.08), and P24 (peonidin 3-feruloylrutinoside-5-glucoside, 1.07) (Fig. 4d) . The results shown in Fig. 4c are interpreted in connection with the VIP, which benefitted interpretation of the findings provided in Table 2 . They reflected the consistent but specific patterns of cis isomers in baked or steamed potatoes and indicated that most cis isomers were involved in clustering. P22, P10, and P14 were found to play important roles in clustering the processed forms of Jayoung. It is unusual that P14 was not found in Jayoung (Table 2 ) but appeared when baked or steamed and P20 and P24 clearly distinguished the two purple potato groups (Jayoung vs. JJe08-11, DJ12X-5, and JJe08-43), because none of those compounds occurred in combination with malvidin-based anthocyanins. These findings suggest that cis isomers were highly involved in clustering and played an important role as a biomarker under diverse potato processing conditions. The number of final clusters formed corresponds to the chromatograms of the three anthocyanin patterns presented in Fig. 3 . 
Conclusions
Anthocyanin concentration, composition, and the effect of steaming and baking in tubers of Korean red-and purple-fleshed potato cultivars and breeding clones have been evaluated using LC-DAD-ESI-MS with malvidin 3-glucoside as an internal standard. A chemical library of 24 potato anthocyanins including MS fragment ion patterns was compiled from published data for efficient identification of anthocyanins. On the basis of this information, 26 anthocyanins with a basic structure of 3-rutinoside or 3-rutinoside-5-glucoside were separated, of which 24 were confirmed and 2 unknown isomers were presumed. Remarkably, five cis isomers were identified, of which four, viz., cis-petanin, cis-peonanin, petunidin 3-cis-caffeolylrutinoside-5-glucoside, and petunidin 3-cis-feruloylrutinoside-5-glucoside, are reported for the first time in Korean red-and purple-fleshed potatoes. In a PLS-DA model, all cis isomers were shown to play a role as biomarkers in clustering on the type of processing conditions. Pelargonidin 3-p-coumaroylrutinoside-5-glucoside (pelanin), peonidin 3-pcoumaroylrutinoside-5-glucoside (peonanin), and petunidin 3-p-coumaroylrutinoside-5-glucoside (petanin) were identified as the major anthocyanins and were shown to play a role as biomarkers in a PLS-DA model based on the color of the tubers. The total anthocyanin concentration of the colored potatoes was decreased by steaming and baking processes compared with their concentration in the raw tubers.
We conducted a PLS-DA multivariate analysis of the patterns of principal anthocyanins and determined the VIP values. Korean colored potatoes formed specific clusters depending on their genotype and processed form. Anthocyanins possess important biological activity profiles, and we concluded that the present investigation contributes to evaluating the structural activity relationships (SAR) of individual anthocyanins, thus enhancing the value of colored potatoes in functional food or medicine.
